As is well known, in the X-ray photon energy region the interaction between the electron spin and the electromagnetic field gives rise to magnetic scattering of X-rays. According to the standard treatment of the magnetic scattering of X-ray photons by non-relativistic electrons [1] , a non-magnetic system does not exhibit elastic magnetic scattering. However, a magnetic contribution to the inelastic or quasi-elastic scattering does exist even in the paramagnetic homogeneous electron gas [2] , brought about by exchange and correlation interactions. Such an effect is very challenging since it is directly related to the spin-dependent dynamic interaction between the electrons which cannot be easily observed by means of other techniques. The possibility of observing the dynamic magnetic scattering induced by the Pauli principle by a properly designed experiment is now opened up by the last-generation high-brilliance synchrotron radiation sources providing almost completely polarized X-ray beams.
In a recent paper [2] the feasibility of an X-ray scattering experiment aiming at measuring the magnetic contribution to the diffuse X-ray scattering in a simple metal was investigated and a possible experimental configuration was proposed. The basic principle exploits the static and dynamic coupling of the photon field to the electron density [3] , that is proportional to |e 0 · e| 2 , e 0 and e being the polarization vectors of incoming and outgoing photons. For this process, which is essentially the classical Thomson scattering, the polarization of incoming and scattered photons is therefore either parallel or perpendicular to the scattering plane. Scattered photons can have a polarization perpendicular to that of the incoming ones only when processes other than Thomson scattering are present. In a non-magnetic system, when the incoming photon energy is much larger than any absorption edge, the magnetic contribution appears as a weak quasi-elastic diffuse scattering [2] . The diffuse character of such a contribution makes its experimental determination much more difficult since collection of the scattered photons must take place over a relatively large solid angle, simultaneously maintaining a good rejection of the Thomson scattering brought about by charge fluctuations and atomic thermal motion.
In the present paper we describe the experiment on pure beryllium carried out to determine the contribution to the energy-integrated cross-section due to those processes for which the linear polarization of the scattered photons is perpendicular to that of the incoming photons. Beryllium represents a good reference sample as a simple non-magnetic metallic system, very well suited for X-ray measurements because of its low-absorption cross-section. An experimental setup quite similar to that described in ref. [3] was employed. The experiment was performed on the diffraction beam line [4] at ELETTRA synchrotron radiation source (Trieste, Italy). The beam line provides an intense linearly-polarized beam through a wiggler. The most important characteristic of this beam is the high degree of polarization, which is an essential requirement of the present experiment. In principle, the incident polarisation can be further improved by means of a properly designed monochromator [2] to be installed on the beam line. In the present case, however, it was not possible to modify the beam line. The diffraction beam line is equipped with a double Si crystal monochromator which was operated on (111) Bragg reflection. A toroidal mirror, inserted after the monochromator, provided for beam focusing at the sample position, 1.44 mm 2 beam size [4] . A schematic of the experimental setup and analysing device, designed for the present experiment, is shown in fig. 1 . Polarization analysis was achieved by means of 90
• Bragg diffraction from a pyrolitic graphite crystal with 0.5
• mosaic spread. The photon detector was a XR-100 PIN silicon diode (Amptek, USA) coupled to a Pulse Height Analyser (PHA). The detector active area was 3.8 × 3.8 mm 2 and the energy resolution was 900 eV. Collection of the scattered photon PHA spectra allowed distinguishing the possible contributions from λ/n contamination in the incoming beam or from fluorescence processes by shielding materials. Special care was taken to reduce the number of photons possibly impinging the counter without having crossed the analyser. Therefore, the photon flight path was, apart from the sample area, under moderate static vacuum (10 −2 T) and thin Be windows (0.2 mm thickness) were used in the vacuum chamber. The whole structure of the analyser was made by aluminum in order to reduce possible fluorescence contributions from the support materials. The sample-analyser distance was 500 mm and the analyser-detector distance was 100 mm. Two aluminum diaphragms, 10 mm thick, were employed as collimators to reduce the background. The first, 12 mm diameter, was placed in between the sample and the analyser at 100 mm distance from the sample, the second diaphragm, 8 mm diameter, was inserted between the analyser and the detector. The two diaphragms were chosen to be larger than the angular acceptance of the analyser-detector assembly which defines the solid angle for photon collection. All the measurements were performed at the incoming photon energy E 0 = 7840 eV. This choice resulted from a compromise between the requirement of a high incoming intensity and the effective analyser performances as to reflectivity and energy window transmission. With a 90
• scattering angle at the graphite analyser, the incoming energy value was matched by the (006) Bragg reflection and the corresponding analyser energy window was about 70 eV. In these experimental conditions the expected rejection of the horizontal polarization at the analyser was about 1.6 × 10 −5 (assuming a Gaussian mosaic spread as resulting from independent neutron diffraction measurements), which must be compared with the typical magnetic-to-Thomson cross-section ratio (E 0 /mc 2 ) 2 2.4 × 10 −4 . This figure was considered acceptable to identify the presence of a magnetic signal.
Since the incoming beam cannot be 100% polarized, first of all a careful investigation of the residual transverse (vertical) polarization of the incoming beam was carried out. Direct use of the analyser on the incoming beam was prevented from the very high intensity and any necessary reduction of it, by absorbing filters or pinholes, would cause a change of the polarization characteristics of the incoming beam itself. Therefore, we measured the polarization by analysing the intensity scattered by a proper sample. Bragg scattering from a crystalline sample, apart from the still quite high scattered intensity, was considered not adequate because it did not ensure different portions of the incoming beam being equally scattered from the sample. A disordered, non-magnetic sample with cross-section dominated by the Thomson contribution, i.e. with a relatively high atomic number, was preferred. In this way, elastic scattering was prevailing over inelastic processes that can be the source of non-Thomson behaviour in a non-magnetic system. A glass plate, 80 mm thick, and a Ni 80 B 20 non-magnetic amorphous alloy plate, 25 mm thick, were selected. Both the test samples were mounted in symmetric transmission geometry at scattering angles corresponding to the maximum elastic contribution, namely 2ϑ = 24.7
• for the glass and 2ϑ = 47.5
• for the amorphous Ni 80 B 20 . The intensity scattered from the test samples was analysed by rotating the graphite analyser around the scattering direction. Data were collected for various analyser rotation angles η and maintaining the scattering angle 2ϑ fixed. The background without the samples was measured at the same rotation angles. A typical PHA spectrum in Ni 80 B 20 is shown in fig. 2 , where it is apparent that no other contribution is present apart from that originating from photons passing through the analyser. The energy width of this spectrum is equal to the resolution function of the detector. All measured spectra were integrated between 6200 eV and 9500 eV and the background contribution was subtracted to the sample data accounting for the sample transmission. This range was chosen in order to integrate over the whole response function of the detector. The intensity in Ni 80 B 20 , after integration of the PHA spectra and background subtraction, is shown in fig. 3 as a function of η.
The integrated measured intensity can be written as
where e 0 and e ⊥ 0 are the horizontal and vertical polarization vectors of the incoming photons and I 0 , I ⊥ 0 are the incoming intensities corresponding to these two polarization states. η 0 is the origin of the analyser rotation angle and η = η 0 corresponds to the configuration of forbidden charge scattering. Equation (1) holds under the assumption that the two contributions add up incoherently, i.e. no elliptical polarization is present. By simple manipulation of eq. (1), the intensity can be written in a form which is suitable for fitting the experimental data, i.e. with the parameters a, b and c verifying
The best-fit curve to the Ni 80 B 20 data is shown in fig. 3 . From the best-fit parameters the ratio
can be obtained and the fraction of photons in the incoming beam with polarization perpendicular to the nominal one can be deduced as
By separately fitting the experimental data on the glass plate and the Ni 80 B 20 sample, two independent results were obtained: R = 0.01351 ± 0.00021 with 2ϑ = 24.7
• (glass), while R = 0.00737±0.00006 with 2ϑ = 47.5
• (Ni 80 B 20 alloy). Therefore, two independent determinations of the transverse polarization p ⊥ were available, namely p ⊥ = 0.0161 ± 0.0003 from the glass data and p ⊥ = 0.0159 ± 0.0002 from the amorphous-alloy data. The perfect agreement between these two results shows that the experimental values of R, as obtained by the best-fit parameters, follow the expected trend proportional to cos 2 (2ϑ). Taking the average of the two results, i.e. p ⊥ = 0.0160 ± 0.0002, the polarization of the incoming beam turned out to be 0.9840 ± 0.0002. This result shows that the incoming-beam polarization is rather good and can be measured with good accuracy. The transverse polarization value p ⊥ contains also the contribution due to the finite acceptance of p , i.e. 1.6 × 10 −5 as previously reported. Because of the small value of this term, it was neglected in the following analysis. The measurements on the amorphous samples were additionally used to deduce the incoming-beam intensity which turned out to be ∼ 2 × 10 12 photons s −1 . The experiment on Be was carried out on a disk-shaped single crystal, 2.3 mm thickness and 20 mm diameter, with the face parallel to the (110) crystallographic plane. The sample was mounted in transmission geometry with the disk face at 45
• from the incoming-beam direction and the (001) crystallographic plane parallel to the scattering plane. The scattered intensity from Be was analysed by rotation of the graphite crystal over the angular range −10
• ≤ η ≤ 10
• . The measurements were carried out at different scattering angles, namely 2ϑ = 28.3
• , 43
• . The PHA spectra from Be were all very similar to those collected from the test samples and no spurious peaks were observed. The spectra were integrated between 6200 eV and 9500 eV and background subtracted. The corrected integrated intensity from Be can be written as [2] 
where A is a scale constant, S T (q) (S NT (η, q)) is the Thomson (non-Thomson) static structure factor as resulting from the integration over the analyser energy window, q is the momentum transfer which, for the present quasi-elastic case, is given by q = 4π sin ϑ/λ. The Thomson S T (q) term is contributed by charge fluctuations and thermal diffuse scattering (TDS). Because of the very high Debye temperature of Be, the TDS contribution was expected to be small, ∼ 10-20% of the total cross-section [5] . By a linear fit to eq. (3) at each fixed value of 2ϑ, both the Thomson and the non-Thomson static structure factors were deduced by making use of the previously measured value of p ⊥ . The fitting procedure was carried out neglecting the η-dependence of S NT (η, q), i.e. S NT (η, q) S NT (η 0 , q), because of the insignificantly small S NT (η, q) contribution for η values far from η 0 . The value obtained by the fit at each momentum transfer was therefore AS NT (η 0 , q) which was found to be appreciable at all the scattering angles of the experiment. At 2ϑ = 90
• the ratio between S NT and S T was found to be 2 × 10 −3 , i.e. in excess over the reference ratio (E 0 /mc 2 ) 2 . This finding can be explained by the different energy dependence exhibited by the magnetic and charge dynamic structure factors which reflects onto the cross-section when integrated over the analyser energy window (see eqs. (12) and (13) of ref. [2] ). As an example, I(η, q) is shown in fig. 4 as a function of η, at 2ϑ = 43
• , in comparison with AS NT (η 0 , q). The results here obtained on the non-Thomson scattering in beryllium are unlikely affected by possible spurious contributions. Only one effect, which we were unable to take into account, could be conjectured to contribute to the observed non-Thomson scattering, that is a sample-dependent background from photons whose paths did not cross the analyser despite the accurate shielding of every mechanical component. In any case, there is no indication that a sample-dependent background was present. Moreover, the observation of non-Thomson scattering also at the highest q value, i.e. 2ϑ = 90
• , prevents this contribution from being due to the incomplete beam polarization since p ⊥ does not contribute to the scattering at this angle. In view of the whole situation, we can assume that the observed intensity is the magnetic contribution we were interested in studying.
At present there is no theoretical estimate of the magnetic scattering in beryllium. A first naive estimate was obtained by calculating both the charge and magnetic cross-sections under a local-density approximation for the non-constant electron density in Be [2] but using the free electron gas results for the spin and orbital contributions. The energy-dependent charge and magnetic cross-sections thus obtained were numerically integrated over the analyser energy window [2] assumed to be described by a Gaussian function with 70 eV full width at halfmaximum. The ratio between the so-calculated theoretical cross-sections, having neglected the TDS contribution to the charge term, was found to be 10 −3 , i.e. the same order of magnitude as the experimental ratio S NT /S T . It is worth noting that the value of this ratio is sensitive to the position of the analyser energy window. The comparison between the calculated cross-section and the experimental data was carried out by putting the AS NT (η 0 , q) values on an absolute scale. The normalization of AS NT (η 0 , q) was performed by matching theoretical and experimental data at the highest q values, where the system behaves substantially as an independent particle assembly. In fig. 5 the experimental data are compared with the calculated curve vs. q/q F , q F = 1.026 a.u. being the Fermi momentum of the conduction electrons. It is apparent that such a calculation fails in describing the experimental behaviour even though this is not completely unexpected because of the crude treatment of all the electrons by means of free electron gas data. It is also somewhat tempting to attribute the observed dip in the cross-section at 2q F to the well-known dip in the density of states of Be at the Fermi energy [6] . However, further investigation is necessary for a complete overview of the non-Thomson contribution also as a function of the energy window.
As a conclusion, the present experiment shows that the measurement of the X-ray crosssection of processes giving rise to a polarization change in simple light metals is feasible. ***
